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@ Charge-coupled device. 

@ A charge-coupled device having a semiconduc- 
tor body (1) comprising a semiconductor layer (3) of 
a first conductiv'rty type adjoining a surface 
means for depleting the semiconductor layer (3) 
throughout its thickness whilst avoiding breakdown, a 
sequence of transport electrodes (6, 7, 8) on the 
surface (2) above the semiconductor layer (3), which 
are separated by a blocking layer (9) from this layer 
and are connected to the clock voltage sources (10) 
to form in the semiconductor layer (3) of the surface 
(2) mutually separated potential wells for storing and 
transporting information-carrying charge packets. 
The device further comprises an input stage (I) hav- 
ing a supply zone (11) for supplying said majority 
charge carriers and an input electrode (13), which is 
located between the supply zone (1 1 ) and the trans- 
port electrodes (6. 7. 8) and is separated by an 
isolating layer (9) from the semiconductor surface 
(2), an input signal source (15) and means for for- 
ming under the input electrode (13) a potential well 
whose minimum is located closer to the surface (2) 
than to the transport electrodes (6. 7. 8). 

According to the invention, a dopant of the sec- 
ond opposite conductivity type is introduced be- 
tween the supply zone (11) and the transport elec- 



trodes (6, 7. 8) in such a manner that the net doping 
of the first conductivity type in the part (I) of the 
semiconductor layer (3) between the supply zone 
(11) and the transport electrodes (6, 7, 8) is lower 
than in the remaining part of the layer. 

Preferably, the width of the electrodes of the 
input stage (I) is chosen so that the transport capac- 
ity of these electrodes is practically equal to that of 
the transport electrodes (6, 7. 8). 
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CHARGE-COUPLED DEVICE. 



The invention relates to a charge-coupled de- 
vice having a semiconductor body comprising a 
semiconductor layer of a first conductivity type 
adjoining a surface, means for depleting the semi- 
conductor layer throughout its thickness at least in 
the absence of supply of majority charge carriers 
whilst avoiding breakdown, a sequence of transport 
electrodes on the surface above the semiconductor 
layer, which are separated from this layer by a 
blocking layer and are connected to clock voltage 
sources to form in the semiconductor layer poten- 
tial wells separated from the surface for storing and 
trar>sporting information-carry ir^ charge packets, 
an input stage comprising a supply zone for suf>- 
plying said majority charge carriers and an input 
electrode, which is located between the supply 
zone and the transport electrodes, is separated 
from the semiconductor surface by an isolating 
layer and by which in the semiconductor layer a 
potential well can be induced with an input signal 
source for applying a voltage difference between 
the supply zone and the input electrode, which 
determines the value of a charge carrier packet 
flowing from the supply zone into the potential well 
under the input electrode, while in order to obtain a 
practically linear relation between the value of the 
said charge carrier packet and the input signal 
means are provided by which a potential well can 
be obtained under the input electrode whose mini- 
mum is located closer to the surface than in the 
potential wells induced under the transport elec- 
trodes. 

Such a charge-coupled device is known from 
Charge-coupled devices with charge transport 
at a certain distance from the surface, so-called 
bulk trar^port. are well known and are designated 
by the abbreviations BCCD (•'Buried Channel 
Charge-Coupled Device") and PCCD ("Peristaltic 
Charge-Coupled Device"). They are distirtguished 
from analogue devices in which the charge trans- 
port takes place along the surface irrter alia in that 
the transport efficiency is substantially ~not influ- 
enced by surface states. Moreover, in this device, 
the charge transport takes place under the influ- 
ence of comparativeiy strong electrical fields be- 
cause of the comparatively large distance between 
the charge packets and the transport electrodes- 
Devices of the BCCD type therefore generally op- 
erate at a very high speed. 

It is desirable for most applications that the 
value of the charge packet to be formed under the 
input electrode varies practically linearly with the 
value of the input signal given at the input elec- 
trode. 

In charge-coupled devices of the BCCD type. 



however, potential wells are formed whose mini- 
mum is located at a certain distance from the 
semiconductor surface. With increasing value of 
the introduced charge packet, the stored charge 

5 always lies closer to the surface. The capacity of 
the charge storage space is therefore not constant, 
but increases with the value of the charge packet, 
so that upon conversion of the Input signal into a 
charge packet a non-linearity is introduced- There- 
to fore, attempts have been made to eliminate this 
undesired non-linearity in the input characteristic of 
such charge-coupled devices. For this purpose, rt 
is suggested in the aforementioned US-A-4280068 
to generate under the input electrode a potential 

IS well whose minimum is kx^ted at a smaller dis- 
tance from the surface than the minima of the 
potential wells generated under the transport elec- 
trodes. Due to the fact that it has been found that 
comparatively large quantities of charge can be 

20 stored closer to the surface without large capacity 
variations, in this manner a more linear input cfiar- 
acteristic is obtained. 

However, rt has been found that also with the 
use of this measure in many cases the linearity of 

25 the input characteristic is nevertheless insufficient. 

The invention has inter alia for its object to 
eliminate entirely or practically^ntirely the remain- 
ing non-linearity of the input characteristic in a 
charge-coupled device of the kind described. 

30 The invention is based inter alia on the rec- 

ognition of the fact that it is possibletiiat by means 
of an additional doping or implantation step the 
input capacitance is determined practically entirely 
by the (linear) capacitance of the isolating layer 

35 under the input electrode. 

According to the invention, a charge-coupled 
device of the kind described in the opening para- 
graph is characterized in that a dopant of the 
second opposite cor>ductivity type is introduced 

40 between the supply zone and the transport elec- 
trodes in such a manner that the net doping of the 
first conductivity type in tine part of the semicon- 
ductor layer between the supply zone and the 
transport electrodes is lower than in the remaining 

45 part of the layer. 

The input characteristic of a charge-coupled 
device according to the invention has a strongly 
improved linearity. This is due to the lower net 
doping of the semiconductor layer under the input 

50 electrode. The charge packet introduced via this 
electrode is taken up for the major part "by the 
capacitance formed by the isolating layer. How- 
ever, a small part of the charge is taken up by the 
part of the semiconductor layer located under the 
input electrode. 
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This remaining charge part, which causes the 
non-linearity, is reduced considerably in the 
charge-coupled device according to the invention 
due to the reduced net doping ot said semiconduc- 
tor region so that the Input capacitance is deter- 
mined practically entirely by the linear capacitar>ce 
of the isolating layer. 

Since the input stage is designed to operate in 
the accumulation mode, that is to say that the 
induced charge is stored at least for an important 
part near the surface, the charge transport capacity 
per unit of electrode width will be larger than at the 
transport electrodes. Therefore, the width of the 
electrodes of the input stage is therefore chosen so 
that the transport capacity of these electrodes is 
practically equal to that of the transport electrodes. 
Advemtageously, the net doping of the semiconduc- 
tor layer under the input electrode is chosen so 
that in the operating condition due to the difference 
in threshold voltage between the input electrode 
and the transport electrodes an additional electrical 
field is obtained in the transport direction. 

In many cases, a sampling electrode is pro- 
vided advantageously between the supply zone 
and the input electrode for sampling the input 
signal, this sampling electrode being provided with 
means by which during sampling a potential can be 
applied in the semiconductor layer, by which the 
supply of majority charge carriers from the supply 
2one to the input electrode can be blocked. 

The invention will now be described more fully 
with reference to an embodiment and the drawing, 
in which: 

Rg. 1 shows diagrammatically in cross-section a 
charge-coupled device according to the inven- 
tion. 

Fig. 2 shows diagrammatically in plan view a 
part of the electrode structure of the device 
shown in Rg. 1 . and 

Fig. 3 shows the variation with time of the clock 
voltages to be applied to the electrodes. 
The Figures are purely schematic and not 
drawn to scale, while for the sake of clarity espe- 
cially the dimensions in the direction of thickness 
are exaggerated. In the cross-sections, semicon- 
ductor regions of the same conductivity type are 
generally cross-hatched in the same direction. Cor- 
responding parts are generally designated in the 
different Figures by the same reference numerals. 

Rg. 1 shows diagrammatically in cross-section 
an embodiment of a charge-coupled device ac- 
cording to the invention. The device according to 
this embodiment is intended to be used for image 
transport but the invention may also be used in 
other charge-coupled devices. The device com- 
prises a semiconductor body 1 made in this em- 
bodiment of silicon and having a semiconductor 
layer 3 of the first conductivity type, which adjoins 



a surface 2 and in which the charge trar>sport takes 
place. 

In this embodiment, the layer 3 consists of re- 
type silicon. The thickness and the doping con- 

5 centration of the layer 3 are so small that the layer 
3 - at least in the absence of the supply of majority 
charge carriers - can be depleted throughout its 
thickness without breakdown occunring. The layer 3 
is formed in this embodiment by an implantation of 

10 phosphorus ions at a dose of 1.18 . 10^^ ions/cm^ 
and at an energy of 100 keV. The layer 3 has a 
thickness of 1.08 ftm and is bounded in this em- 
bodiment on its lower side by a p-type layer 4, 
which forms a p-n junction with the layer 3. The 

75 layer 4 is formed by an implantation of boron ions 
down to a depth of 3.8 iin\ at a dose of 9.0 . 10^^ 
ions/cm^ at an energy of 90 keV. The layer 4 is 
bounded on the lower side by an n-type substrate 
5. 

20 It should be noted that the p-type layer 4 and 

the n-type substrate 5 are noT essential to the 
invention. The layer 3 may be provided instead, for 
example, on an isolating substrate. 

A sequence of transport electrodes 6, 7, 8 are 

25 provided on the surface above the semiconductor 
layer 3, which transport electrodes are constituted 
by conducting strips of, for example, metal or dop- 
ed semiconductor material, such as polycrystalline 
silicon, and are separated by a bkwiking layer 9 

30 from the layer 3. The blocking layer 9 is con- 
stituted in this embodiment by an isolating layer of 
silicon oxide. However, instead, if desired, a metal- 
semiconductor junction (Schottky junction) or a lay- 
er of another isolating material, such as, for exam- 

35 pie, silicon nitride, could also be used as a bloc- 
king layer. 

The transport electrodes 6, 7, 8 are connected 
via clock lines ^^ . ^2 and ^3 to the clock voltage 
source 1 0. Rg. 3 indicates by way of example how 

40 the clock voltages V1 . V2 and V3 at the clock lines 
<^>1 , <#»2 and ^3 can vary as a function of the time t 
By means of these clock voltages, as is known, a 
moving pattern of potential wells can be induced in 
the layer 3. which potential wells are mutually sep- 

45 arated by potential barriers and serve for storing 
and transporting information-carrying charge pack- 
ets. 

The charge is introduced via an input stage I 
(see Rg. 1). which is separated~from the transport 

50 section T and comprises a supply zone 11 for 
supplying majority charge carriers, so in this em- 
bodiment electrons, of which the charge packets 
are composed. The supply zone is constituted in 
this embodiment by a highly doped n-type zone 

55 11. This zone 1 1 is connected to a voltage source 
12, which supplies to the supply zone 11 an input 
signal, which must be converted into a charge 
packet. 
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The input stage I further comprises an input 
erectrode 13 located between the supply zone 11 
and the transport electrodes 6. 7, 8 and separated 
by the isolating layer 9 from the semiconductor 
surface 2. By means of a voltage VI 3 applied to 
the input electrode 13, a potential well can be 
ir>duced in the semiconductor layer 3, from which a 
charge packet is formed conesponding to the value 
of the input signal at the supply zone 11. 

In this embodiment, a further sampling elec- 
trode 14 is provided for sampling the input signal 
between the supply zone 11 and the input elec- 
trode 13, by which electrode the supply of elec- 
trons from the supply zone 11 to the input elec- 
trode 13 can be interrupted. 

An input signal source 12 (see Rg. 1) is con- 
nected to the supply zone 1 1 for applying a voltage 
difference between the supply zone 11 and the 
input electrode 13, which voltage difference deter- 
mines the value of a charge carrier packet, so in 
this case a packet of electrons, which flows from 
the supply zone 1 1 into the (potential well under the 
input electrode 13. 

Since in charge-coupled devices of this kind, in 
which the charge carrier transport takes place in 
the interior of the semiconductor layer 3, the 
capacitances between the electrodes and the 
charge storage sites generally vary with the quan- 
tity of stored charge, the input characteristic (value 
of the charge packet as a function of the value of 
the input signal) is generally non-linear. In the 
device described here, (switching) means 15 are 
therefore provided, by which a potential well can 
be obtained under the input electrode 13, whose 
minimum is located closer to the surface than in 
the potential wells induced under the transport 
electrodes so that the input capacitance is much 
less dependent upon the stored charge. 

According to the invention, a dopant of the 
second (so in this case p) conductivity type is 
further introduced between The supply zone 1 1 and 
the trar^sport electrodes (6, 7, 8) in such a manner 
that the net doping of the first (n) conductivity type 
in the part of the semiconductor layer 3 bounded 
by the dotted line 20 between the supply zone 11 
and the transport electrodes 6, 7. 8 is lower than in 
the remaining part of the layer 3. In the present 
embodiment, this additional p^doping was obtained 
by a second implantation of boron ions down to a 
depth of 4.0 fim at a dose of 1.1 . 10^^ jons/cm^ at 
an energy of 90 keV. 

Due to the fact that a potential well with a 
potential maximum near the surface 2 is formed 
under the input electrode 13, the charge packet 
introduced via the electrode 13 is taken up for the 
major part by the capacitance constituted by the 
isolating layer 9. 

This effect is increased additionally by the 



measure according to the invention. Due to the fact 
that in the device according to the invention the n- 
doping of the layer 3 is reduced under the input 
electrode 13, much less charge can be received 
5 therein than in the transport section T of the layer 
3- As a result, practically the whole charge packet 
under the input electrode is taken up by the linear 
input capacitarKre of the isolating layer 9. 

Rg. 2 shov^rs dtagrammaticalty in plan view the 

10 transport electrodes 6, 7, 8 and the electrodes 11*, 
13 and 14 of the Input stage I. It can be seen 
therefrom that the width of the electrodes 11\ 13 
and 14 of the input stage is smaller than that of the 
transport electrodes 6, 7 and 8. Due to the fact that 

15 the charge transport capacity of the electrodes of 
the input stage, in which the charge is stored at 
least for the major part at the surface, is higher per 
unit of electrode width than that of the trar^port 
electrodes, in fact the width of the electrodes of the 

20 input stage is preferably chosen so that the trans- 
port capacity of the electrodes in the input section 
and in the transport section is practically the same. 

The operation of the device will now be de- 
scribed more fully by way of example. The various 

25 dopings, voltages etc. are given only by way of 
example; within the scope of the invention, a F>er- 
son skilled in the art will choose for each practical 
case the parameters suitable for an optimal opera- 
tion of the device, 

30 As indicated in Fig. 1, the substrate 5 is con- 

nected to a voltage of, for example. +15 V with 
respect to earth. Via the output zone 22, a direct 
voltage of. for exarnple, 20 V is applied to the layer 
3. At a voltage of 0 V of the transport electrodes 6. 

35 7. 8 and the electrodes 13, 14 of the input section 
I. the layer 3 can be depleted throughout its thick- 
ness, at least under these electrodes. 

As indicated in Rg. 3, the clock voltages V1, 
V2 and V3 vary between 0 and 10 V. When a 

40 transport electrode 6, 7 or 8 is connected to 10 V, 
a potential well is formed under this electrode, 
whose potential maximum is located at a compara- 
tively great depth in the layer 3 and in which 
electrons can be stored. At a voltage of 0 V at the 

45 electrode, any stored electrons are transferred to 
an adjacent site of higher potential. Between two 
successive potential wells, a potential barrier is 
formed by the Intermediate electrode, which mirtu- 
ally separates tiie potential wells. 

50 The input electrode 13 is connected to the 

voltage source 15, which supplies a voltage VI 3 
(see Rg. 3). This voltage VI 3 varies between a 
lowest level, which is practically equal to the lowest 
level of the clock voltages VI. V2, V3, and a 

65 highest level. The highest level of VI 3, at which 
charge is stored under the electrode 13, in this 
example 10 V, is situated so that it is higher than 
the voltage at the supply zone 11, which latter 
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voltage is higher than the lowest potential under 
the transport electrode 6. 

According to the invention^ moreover the dop- 
ing of the layer 3 under the electrode 13 is consid- 
erably reduced so that in situ very little charge can 5 
be stored in the layer "3.~Ai a result, the charge 
carriers stored in this potential well will practically 
all be accumulated in the capacitance between the 
layer 3 on the one hand and the electrode 13 on 
the other hand. As a result, the linearity between io 
the input signal and the output current is consider- 
ably improved. In the embodiment described, this 
linearity was about 99% and thus was practically 
equal to that of so-called surface CCD's. 

The boron implantations in this embodiment is 
are chosen so that due to the difference in thresh- 
old voltage between the input electrode 13 and the 
transport electrodes 6, 7» 8 in the operating con- 
dition an electrical field is obtained in the transport 
direction, which favours the speed of operation of 20 
the device. 

In this embodiment, during sampling of the 
input signal, a voltage VI 4 is applied in the time 
interval between t1 and t2 (see Rg. 3) by means of 
the voltage source 21, which voltage is equal to the 2S 
voltage at the electrode 13 so that no potential 
thresfKDids are present between the supply zone 1 1 
and the input electrode 13. At the instant t2. the 
voltage VI 4 falls to 0 V. As a result, the said 
connection is intenupted by the potential barrier 30 
under the sampling electrode 14. 

At the instant t3, the voltage at the input elec- 
trode 13 falls to 0 V and a voltage VI of 10 V is 
applied to the electrode 6. The charge packet 
under the electrode 13 is thus transported to the 35 
potential well formed under the electrode 6. In the 
manner usual for charge-coupled devices of the 
BCCD type, the said packet is transported further 
by means of the clock voltages VI , V2 and V3 via 
the bulk of the layer 3 to the output 22. at whiich 4o 
the information is read out by means of a read-out 
member 27. 

The invention is not limited to tiie embodiment 
descril^ed here. Within the scope of the invention 
defined in the Claims, many variations are possible 4S 
for those skilled in the art 

For example, the various dopings not only may 
have different values, but their signs may also be 
inverted (simultaneously) with simultaneous rever- 
sal of the voltages applied. Further, the layers 3 50 
and 4 may also t>e formed, for example, by diffu- 
sion or epitaxiatly instead of by ion implantation. 
Moreover, the introduction of the dopant of the 
second conductivity type according to the invention 
may take place, instead of by Implantation, also in 55 
a different manner, for example by diffusion or by a 
combination of implantation and diffusion. Other 
embodiments of charge-coupled devices, in which 



the invention may advantageously be used, are 
described, for example, in the aforementioned US 
PS 4280068, whose contents are considered as 
being incorporated in the present Application. 

Claims 

1. A charge-coupled device having a semicor>- 
ductor body comprising a semiconductor layer 
of a first conductivity type adjoining a surface^ 
means for depleting the semiconductor layer 
throughout its thickness at least in the absence 
of supply of majority charge carriers whilst 
avoiding breakdown, a sequence of transport 
electrodes on the surface above the semicon- 
ductor layer, which are separated from this 
layer by a blocking layer and are connected to 
clock voltage sources to form in the semicon- 
ductor layer potential wells separated from the 
surface for storing and transporting 
information-carrying charge packets, an input 
stage comprising a supply zone for supplying 
said majority charge carriers and an input elec- 
trode, which is located between the supply 
zone and the transport electrodes, is separated 
from the semiconductor surface by an isolating 
layer arrd by which in the semiconductor layer 
a potential well can be induced with an input 
signal source for applying a voltage difference 
between the supply zone and the input elec- 
trode, which determines the value of a charge 
carrier packet flovjnng from the supply zone 
into the potential well under the input elec- 
trode, while in order to obtain a practically 
linear relation between the value of the said 
charge carrier packet, and the input signal, 
means are provided, by which a potential well 
can be obtained under the input electrode, 
whose minimum is located closer to the sur- 
face than in the potential wells induced under 
the transport electrodes, characterized in that a 
dopant of the second opposite conductivity 
type is introduced between the supply zone 
and the transport electrodes in such a manner 
that the net doping of the first conductivity 
type in the part of the semiconductor layer 
between the supply zone and the transport 
electrodes is lower than in the remaining part 
of the layer. 

2- A charge-coupled device as claimed in Claim 
1, characterized in that the v^dth of the elec- 
trodes of the input stage is chosen so that the 
transport capacity of these electrodes is prac- 
tically equal to that of the transport electrodes. 

3. A charge-coupled device as claimed in Claim 1 
or 2. characterized in that the net doping of the 
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semJconductor layer under the input electrode 
IS chosen so that due to the difference in 
threshold voltage between the input electrode 
and the transport electrodes in the operating 
condition an additional electrical field is ob- 5 
tatned in the transport direction. 

4. A charge-coupled device as claimed in any 
one of the preceding Claims, characterized in 
that a sampling electrode is provided between io 
the supply zone and the input electrode for 
sampling the input signal, which electrode is 
provided with means by which during sampling 
a potential can be applied in the semiconduc- 
tor layer, as a result of which the supply of 75 
majority charge carriers from the supply zone 
to the input electrode can be blocked. 
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